Abstract: PRINCIPLES: Reimbursement systems have difficulties depicting the actual cost of burn treatment, leaving care providers with a significant financial burden. Our aim was to establish a simple and accurate reimbursement model compatible with prospective payment systems. METHODS: A total of 370 966 electronic medical records of patients discharged in 2012 to 2013 from Swiss university hospitals were reviewed. A total of 828 cases of burns including 109 cases of severe burns were retained. Costs, revenues and earnings for severe and nonsevere burns were analysed and a linear regression model predicting total inpatient treatment costs was established. RESULTS: The median total costs per case for severe burns was tenfold higher than for nonsevere burns (179 949 
Introduction
Specialised burn care is developed to meet the complex needs of burn patients from the time of the injury to the rehabilitation phase [1] . Centralising the treatment for severely burned individuals in specialised burn care has resulted in steadily improved outcomes, decreased mortality and improvement of quality of life after severe burn injury [2] [3] [4] [5] [6] . Specialised burn care is expensive, with the severity of injury as well as the complexity of institutional care infrastructure influencing treatment costs [7] . Diagnosis-related group (DRG) systems categorise hospital cases into clusters which, in view of resource utilisation and treatment costs, are expected to be similar. DRGs were initially established to measure hospital output. [8, 9] Nonetheless, they are currently used as a basis for inpatient reimbursement in numerous countries [9, 10] . The main advantage of a DRG system is an increase in transparency, which is supposed to lead to an increase in efficiency as well as in quality of care [10] . In Switzerland, since 2012 inpatient care including hospital treatment for burns is reimbursed with a DRG-specific flat rate. Certain procedures or medications receive supplemental funding [11] . Days of inpatient care exceeding the high trim point for the DRG increase the reimbursement premium. However, the increase is insufficient to cover the costs for the additional length of stay, so as to not provide a financial incentive for inefficient patient management or medical complications. In a DRG-based reimbursement system, optimal reimbursement should reflect the calculated average cost of cases for a particular DRG. On the whole, the mean costs should be covered. Assuming an equal distribution of patient morbidity within one DRG over all care providers nationwide, the reimbursement system can be deemed fair [12] . However, the accuracy of funding patient care strongly depends on the capability of the reimbursement system to establish case clusters with homogeneous actual treatment costs. This can be problematic for medical conditions with a low incidence and a wide spread of treatment costs, as small case numbers and large differences in costs cause imprecise and erratic calculation of reimbursement premiums. Switzerland has a population of 8 million inhabitants, a demographic structure and economic development similar to neighbouring European countries [13, 14] . There are two specialised burn centres in Switzerland, one at the Centre Hospitalier Universitaire Vaudois (Lausanne) (CHUV) and one at our centre, the University Hospital of Zurich (USZ), providing specialized burn care nationwide. The aim of this study was to develop a simple and accurate model predicting total treatment costs, applicable as a reimbursement scheme for severe burn care within a prospective payment system of an industrialised country.
Materials and method

Study design
We designed a retrospective multicentre, cross-sectional cohort study with a 2-year timeframe, January 1st 2012 to
Figure 1
Flow-chart of the study design and enrollment.
Figure 2
Burns classification algorithm. ICD10-GM = International Classification of Diseases, 10th revision, German modification December 31st 2013, from a healthcare provider perspective. Approval of the study from the cantonal ethics board of Zurich was obtained prior to the analysis. In a first phase, we described the study population from University Hospital of Zurich, focusing on cost predictors, in a univariate analysis. In the second phase, we designed a linear regression model to predict the cost of care for severe burns. Here, we firstly designed a model with the cases of severe burns from our burn centre, then validated our model with the discharges of the four other university hospitals, CHUV Lausanne, Hopital Universitaire de Geneve, Inselspital Bern and University Hospital of Basel. Finally, we applied our model to the discharges from all Swiss university care providers and ran a third calculation. The analysis was based on the dataset of all inpatient burn cases discharged during the study period from any of the five university hospitals of Switzerland, which included 370 966 coded cases ( fig. 1 ). The data were provided by the committee coordinating the efforts of all five Swiss university hospitals relating to reimbursement tariffs (UNIFIN), which consists of representatives from the finance departments of the five centres. The Diagnosis Related Group (DRG) as well as the calculated effective case weight under the catalogue version of the year 2014 was obtained by grouping the cases by the SwissDRG catalogue version 3.0. At all five hospitals, cases were coded with the International Classification of Diseases, 10th revision, German modification (ICD-10 GM) and the Swiss medical procedure catalogues of 2012 and 2013, respectively. The same national coding guidelines of 2012/2013 applied to all five centres. Costs were defined as total direct costs of inpatient care, allocated to each case under the REKOLE ® full cost accounting method [15] . Revenue was defined as the case weight of each case grouped under SwissDRG catalogue version 3.0 (2014), multiplied by a base rate of 11 100 Swiss Francs (CHF) (10 230 Euros [EUR] ). In the preliminary analysis, additional supplemental payments ("Zusatzentgelte") were included in the analysis. However, as these supplemental payments constituted less than 1% of the total revenue and the amount of these payments was not available from other university hospitals, these payments were not considered for the validation of the regression model. The case earnings were calculated by subtracting the case costs from the calculated case revenue under SwissDRG 3.0. The accuracy of coding and cost data in Switzerland is continuously subject to external and independent audits.
Burns algorithm
A severe burn was defined as being a case grouped into the DRG Y01Z or into a Iong-term mechanical ventilation DRG. To classify as Y01Z, the case needed a burns injury principal diagnosis code and at least one of the following: mechanical ventilation >95 h, third degree burns >20% total body surface area (TBSA), burns of at least grade 2a of body sites such as head or torso and third degree burns, complicated operating room procedures and complicating secondary diagnosis such as sepsis. A long-term mechanical ventilation DRG is a DRG with a Major Diagnostic
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Swiss Med Wkly. 2015;145:w14217 Category (MDC) being a pre-MDC, excluding transplantation, apheresis, multimodal pain management or radiotherapy DRGs. Cases classify into a long-term mechanical ventilation DRG if the duration of mechanical ventilation exceeded 95 hours or the cumulated NEMS (nine equivalents of nursing manpower use score) and SAPS (simplified acute physiology score) II score for adults exceeds 552 [16] ( fig. 2 ).
Study populations and variables
In the first phase, all discharged patients with ICD-10 GM version 2012 codes T20.*, T21.*, T22.*, T23.*, T24.*, T25.*, T29.*, T30.*, T31.*, T32.* at the University Hospital of Zurich during 2012-2013 were included, the * indicating the variable last position of the code. In four patients, the code T31.*! was corrected manually. In all of these four cases, the percentage of the total body surface area (%TBSA) with third degree burns was documented in the medical records, but was coded as "unknown". Computerised medical records of patients meeting the inclusion criteria were reviewed for a minimal clinical dataset including gender, age, referral from or to our centre, insurance coverage, length of stay (LOS), LOS in the intensive care unit (ICU), duration of mechanical ventilation, number of transfused red blood cell concentrates, thrombocyte concentrates or fresh frozen plasma concentrates, percent of body surface area affected, percent of body surface area affected by third degree burns, systemic inflammatory response syndrome (SIRS), psychiatric illness, the presence or absence of electrical injury and mortality. The cases were divided into two groups, severe burns and nonsevere burns. Total costs of cases were obtained from the dataset submitted to SwissDRG. In the second phase, our regression model was validated with cases from the other four university hospitals in Switzerland. The study population for validation included all discharged patients with ICD-10 GM version 2012 codes T20.*, T21.*, T22.*, T23.*, T24.*, T25.*, T29.*, T30.*, T31.*, T32.* from CHUV Lausanne, Hopital Universitaire de Geneve, Inselspital Bern and University Hospital of Basel grouped according to SwissDRG 3.0.
In the third phase, the regression model was run on the dataset including all cases from the five university hospitals in Switzerland between 2012 and 2013.
Software
The UNIFIN data and the discharges from our hospital were grouped with the online grouping software provided by SwissDRG AG [17] . The data were transferred into the business intelligence software QlikView ® for further preparation, before being exported as a dataset file (Microsoft Excel 2010). All statistical analysis was done using IBM SPSS Statistics version 22 [18] .
Statistics
As the distribution of patient costs is right-skewed, a lognormal distribution can be assumed [19] . Hence, we used the decadic logarithm of total costs per case as the dependent variable. Univariate analysis was performed with the Spearman rank correlation for continuous variables determining total cost, the Mann-Whitney U-test for binary nominal variables and the Kruskal-Wallis test for nominal variables with more than two categories. We decided to model the prediction of cost with a linear regression. With an α-level deemed acceptable at 0.05, regression coefficients were considered significant at a Bonferroni-corrected significance level of p <0.025 (two coefficients).
Exchange Rates
The exchange rate on 25 February 2015 of approximately 1 CHF to 0.93 EUR was used to convert the main financial results into Euros and an exchange rate of approximately 1 US-dollar (USD) to 0.88 EUR was used to convert financial results to EUR.
Ethics
Approval of the study from the cantonal ethics board of Zurich was obtained prior to the analysis (KEK-ZH-Nr. 2014-0231). All involved hospitals approved the study. All patient-based data from our centre was anonymised before the analysis. The UNIFIN data had already been anonymised before it was obtained by the research group. Table 1 : Descriptive statistics of the study population: all discharges with coded burns diagnoses from any of the five Swiss university hospitals (n = 828).
All cases (n = 828)
Nonsevere burns (n = 719) 
Severe burns (n = 109) p-value
Results
Model design -descriptive statistics
The population characteristics of the UNIFIN cases of all five university care centres are summarised in table 1. In short, the population was comprised of 828 cases, 109 (13.2%) cases of severe burns and 719 (86.8%) cases of nonsevere burns. The cohorts were comparable in terms of gender, but in the severe burns cohort, the patients were older, stayed longer in the hospital and were mechanically ventilated for longer. The %TBSA was only available for patients discharged from our centre (University of Zurich Hospital) (table 2) . To sum up, only 9.4% of the nonsevere burn cohort had in- 3B ) for severe and nonsevere burns. A decadic logarithmic transformation of the cost function was performed to allow for easier analysis. The y-axis was limited to -1 000 000 CHF, hence one severe burn case (earnings of -1 324 732 CHF) is not visible. Study population: discharges from our hospital (n = 268) and all other Swiss university hospitals (n = 560). Severe burns (n = 109, of which n = 56 from our hospital and n = 53 from the four other university hospitals) and nonsevere burns (n = 719, n = 212 from our hospital and n = 507 from the four other university hospitals). Our hospital = USZ, the four other university hospitals =: Non-USZ. The upper and lower bounds of the boxes denote the upper and lower quartile respectively, with the broad line in the box denoting the median. Whiskers were defined by 1.5x interquartile range (IQR). Outliers were defined as either <1. figure 3A . The earnings for the nonsevere burns appeared tightly grouped around 0 CHF ( fig. 3B ). SwissDRG 3.0 is capable of assuring cost-coverage at a base rate of 11 100 CHF (10 323 EUR) for nonsevere burns. However, this is not the case for the severe burns. We therefore decided to focus on the subgroup of severe burns for further analysis.
Model design -predictors of cost for severe burns cases
We formed two subgroups of the 109 severe burns; one cohort comprising the cases from our centre (University Hospital of Zurich [USZ] ) to establish the model (n = 56), and the second cohort comprising the cases from the four other centres for validation (n = 53). The two subgroups had a similar distribution of costs and earnings. We analysed the correlation strength of the continuous variables with total costs per case by Spearman's rank correlation coefficient ρ (supplemental table S1). LOS (ρ = 0.89), LOS in the ICU (ρ = 0.95), duration of mechanical ventilation (ρ = 0.67) and number of transfused red blood cell units (ρ = 0.78) correlated significantly with total costs (p <0.001). The SIRS diagnosis (Mann-Whitney p = 0.002) and DRG LOS status, length of hospital stay below the low trim-point, between the high trim-point and the low trim-point or above the high trim point, (Kruskal-Wallis p <0.001) were significant predictors of higher total costs (supplemental table S2) . We designed a model with LOS as the independent variable, (cohort of severe burns, discharges from the University Hospital of Zurich, n = 56). The model had an adjusted R 2 of 0.0.64, p <0.001. LOS had a standardised coefficient of β = 0.803 and was significant at p <0.025 (p <0.001) (supplemental table S3).
Model validation
Subsequently, we tested the model with the data from all discharges, n = 53, of the four Swiss university hospitals excluding the cases from our hospital. We obtained a model with an adjusted R 2 of 0.71, p <0.001. LOS had a standard-
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Application of the model to the entire study population
In a last step, we ran the model with the data of all discharges from the five Swiss university hospitals. In the study population of severe burns discharged from all university centres (n = 109), our model had an adjusted R 2 of 0.67, p <0.001. LOS had a standardised coefficient of β = 0. 821 and was significant at p <0.025 (LOS: p <0.001) (table 3) . If the outlier with a deficit of -1.3 million CHF and case costs totalling more than 23 million CHF was excluded from the analysis, the regression model had an adjusted R 2 of 0.66, the standardised coefficient of LOS being β = 0.814, significant at p <0.025 (p <0.001) (supplemental table S5 ).
Discussion
Herein, we completed a new estimation tool for predicting the inpatient treatment costs from the healthcare provider perspective in patients with severe burns. Based on the cost and medical records of every discharged patient with severe burn injury in the university hospitals in Switzerland during 2012-2013, we determined a cost of treatment per day of 5 998 CHF. Benchmarking our results, we found ouur calculated costs per day of treatment for severe burns [20] . Further, our cost exceeds the costs for sepsis treatment in the ICU by nearly two-fold [21] . Regarding international studies on burns, our cost ranks to the second highest per day [6] . The comparatively high costs in this study are explained by the burn severity and the Swiss high price level of 155% for gross domestic product and 181% for health expenditure in comparison with the OECD average [13] . Treatment of severe burns in specialised centres is resource intensive [2, 3, 6, 7] . The infrastructure of specialised care includes labour costs of specialised professionals, operative treatment, wound dressings, medications, laboratory and radiological tests [22] ; the longer a patient requires these resources, the more expensive the treatment. It is therefore plausible that LOS is our strongest predictor of total costs: more severe injuries or patients with complications require longer treatment periods [23] [24] [25] [6] . DRG-based reimbursement systems aim at mirroring resource utilisation, assuring cost coverage on average within a specific DRG [12] . However, this does not seem to be the case for severe burns, as insuffi- Values given in absolute numbers (% of column total) . This approach would be adaptable to reimburse sufficiently the care for severe burns in Switzerland. Nonetheless, the per diem premium would have to be set at about 6 000 CHF per day to assure cost coverage. One limitation of our study is the limited number of cases included in our regression model. Indeed, a population of 109 cases is realtively small for estimating a statistical model. In a larger population, a model including other predictors such as LOS may even have increased the precision of the model. In this current study, LOS showed the highest correlation with the decadic logarithm of total costs per case of all quantitative scaled independent variables. Indeed, although there is controversy regarding the reduction of costs through reduction in LOS [34, 35] , as most of hospital costs are fixed (salaries and infrastructure), an additional day of hospitalisation means that these resources generating fixed costs are employed to treat that particular patient for one day longer. Patients with a longer length of stay absorb more of the hospital costs and therefore LOS is a favoured predictor for estimating inpatient costs [23, 36] . It is therefore plausible that LOS is one of the strongest predictors for total costs in our model. The only qualitative independent variable with a significant predictive value at the 0.001 level in the univariate analysis was SIRS. The lack of significance of SIRS in the subpopulation used for data validation is most probably because there were only 6 cases of coded SIRS in comparison with 25 from our centre. Literature suggests that SIRS affects over 80% of surgical ICU patients [37, 38] . Even though SIRS seemed a promising variable in the univariate analysis, we saw SIRS as unfit to be a discriminatory attribute and therefore did not include it as a dependent variable in our analysis. Changes in the reimbursement system can be used to incentivise desired behaviour of healthcare providers [39] . DRGs were introduced to increase transparency, efficiency and quality of care [10] . One risk of the introduction of a per diem reimbursement model for severe burns is the financial incentivisation of longer lengths of stay. Indeed, of the 56 severe burns treated at our centre during the time period, nearly half were discharged to rehabilitation centres (26 cases, 46%), three more (5%) discharged to psychiatric care and nine (16%) to other acute care hospitals. Eleven patients (20%) deceased. Therefore the introduction of a per diem reimbursement premium could encourage continuation of care at tertiary acute care providers and discourage discharges to other care providers with less high levels of complex care infrastructure, thus unnecessarily reducing efficiency of care provided. Furthermore, a perdiem reimbursement of 6 000 CHF per day would have increased the cost of care of the 109 severe burns cases by roughly 7.6 million CHF, an additional financial burden which would have had to be borne by society as a whole. Another model of reimbursement is bloc contract funding, as seen in some parts of the UK National Health Services: a lump sum is paid for the total provision of specific services, irrespective of the volume of care [39] . However, as this is not an activity-based healthcare reimbursement system either, it is questionable if this form of funding would increase efficiency. A further difficulty would most certainly be the Swiss federal system, with a multitude of third party payers, as the negotiations on who is to be the contract partner with the financial responsibility of funding the services on a national level could prove to be very difficult indeed. We therefore believe that a per diem based payment system, although certainly not perfect, is the best option to date for funding acute care for severe burns. Indeed, our regression model with LOS as the independent variable had a high predictive value for total cost, with an adjusted R 2 of 0.67. LOS seems to be the parameter by which an accurate calculation of the costs incurred by the treatment of severe burns is possible. The statistical results are also clinically explainable. Patients with a higher %TBSA affected by burns have a longer average length of stay: the average LOS more than doubles between the cohort of patients with an affected %TBSA of 9-10% to the cohort of patients with an affected %TBSA of 10-19% (supplemental table S6 ). Moreover, due to the small number of patients, high proportion of outliers and the high variance in treatment costs, a calculation of average costs per DRG becomes very difficult. In view of the strength of our regression model and the statistical difficulties of calculating precise averages with low variances in small populations, we suggest a modified reimbursement system for severe burns similar to the German DRG system. This could be,
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the suggested reimbursement model are quite simple: the grouper logic could be modified to include all cases with a burns diagnosis, which until now are assigned to a long-term ventilation DRG or the DRG Y01Z. Switzerland has the advantage of widespread use of electronic medical records and national standards for medical data submission [40] . Therefore, Switzerland provides a good study population for the modelling of a reimbursement system for burn cases in industrialised countries. Further advantages of Swiss cost studies are the determined, accurate accounting method for hospitals [15] and the regular external auditing of cost, coding and revenue data. The burns study population analysed here is the largest reported from a European centre within the last 10 years. That said, this study is limited by its retrospective nature and possible coding inaccuracies [41] , and the exclusion of burns treated at nonuniversity care facilities. Similar to the German DRG system, the Swiss DRG reimbursement system reimburses certain expensive medications or procedures, such as dialysis and certain transfusions of blood products, via supplemental payments («Zusatzentgelte»). These services are bracketed out of the DRG premiums as their reimbursement cannot be adequately calculated in the flat-rate reimbursement system. As the amount of supplemental payments («Zusatzentgelte») per case were not available for cases discharged from university centres other than ours and as the volume of these supplemental payments accounted for less than 1% of the revenue for burns cases from our centre, supplemental payments in general were not taken into account when calculating earnings. Although the accounting methods in Swiss hospital warrant relative accuracy for cost allocation, there is still room for improvement. We conclude that inpatient care for severe burns treatment is underfunded in Switzerland under the present reimbursement system. We suggest a simple model with LOS as the independent variable predicting total cost to be used in the redesign of the reimbursement system for severe burns. We conclude that a per diem remuneration would be able to reflect actual treatment costs with higher accuracy than the present DRGs. Figures (large format)
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Figure 2
Burns classification algorithm. ICD10-GM = International Classification of Diseases, 10th revision, German modification
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Figure 3
Distribution of total costs per case ( fig. 3A) and total earnings per case ( fig. 3B ) for severe and nonsevere burns. A decadic logarithmic transformation of the cost function was performed to allow for easier analysis. The y-axis was limited to -1 000 000 CHF, hence one severe burn case (earnings of -1 324 732 CHF) is not visible. Study population: discharges from our hospital (n = 268) and all other Swiss university hospitals (n = 560). Severe burns (n = 109, of which n = 56 from our hospital and n = 53 from the four other university hospitals) and nonsevere burns (n = 719, n = 212 from our hospital and n = 507 from the four other university hospitals). Our hospital = USZ, the four other university hospitals =: Non-USZ. The upper and lower bounds of the boxes denote the upper and lower quartile respectively, with the broad line in the box denoting the median. Whiskers were defined by 1.5x interquartile range (IQR). Outliers were defined as either <1.5 x IQR of the first quartile or >1.5 x IQR of the third quartile. Outliers are represented as circles or asterisks, where asterisks denote extreme values (<3 x IQR of the first quartile or >3 x IQR of the third quartile).
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